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PREFACE 


These Proceedings include a compilation of the papers presented during the 
Seminar and a summarization of pertinent questions and answers arising during 
the presentations. The Seminar provided Government and Industry representatives 
with an opportunity to exchange information, to review the present status of 
related technology, and to plan the development of new technology for Large 
Space Systems. The Seminar began with four invited papers: three NASA papers 
to provide industry and the user community with information pertinent to NASA's 
planning and forecasting efforts, and one Industry paper to solicit for NASA, by 
way of a questionnaire to. industry, information that would help NASA in planning 
the total program. | 


Selected papers, solicited from Government and industry, describing items 
of technology or developmental efforts followed the invited papers. These 
papers were divided generally into two major areas of interest: the first group 
addressed subjects pertinent to large antenna systems; the second group addressed 
technology related to large space platform systems. The Seminar concluded with a 
Forum and Issues session with participants from both Industry and Government. 


This compilation provides the participants and their organizations, in a 
referenceable format, the papers presented at the Seminar. The Large Space 
Systems Technology Program Office, Langley Research Center, which sponsored the 
Seminar, will utilize this information as an aid in their planning and in the 
definition of technology goals and technology developments. 


At NASA LaRC, the work was monitored by E. C. Naumann, Task Manager and 
Seminar Coordinator. A. Guastaferro, Manager of the LSST Program Office served 
as General Chairman of the Seminar. The Task was administered by S. M. Scala, 
Senior Consulting Scientist, General Electric Company, who also served as 
Moderator of the Forum/Issues Panel. 
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ACRONYMS AND ABBREVIATIONS 


The list of acronyms and abbreviations contains both commonly used terms 
and specific items not immediately defined within a presentation. Single usage 
acronyms readily defined within the text, U.S. Government agencies, and space- 
craft acronyms do not appear. In addition, the technology for Large Space 
Systems has begun to generate descriptive words coined or extracted from common 


usage terms; such words with obvious meaning have not been included. 


ACS Altitude Control System 

AMB Amplitude Modulated Beam 

AMVSB Amplitude Modulated Vestigial Side Band 

ATS -(6) Advanced eerste’ Satellites (No. ) 

AWG American Wire Gage 

BER Bit Error Rate 

BW Bandwidth or Beamwidth 

CCD Charge Coupled Devices 

CCIR International Radio Consultative Committee 

Cervet Trade Name for a Glass Ceramic with a very low 
Coefficient of Thermal Expansion 

C.G. Center of Gravity 

CMG | Control Moment Gyro 

CMD Command 

CONUS Continental United States 

CoTE Coefficient of Thermal Expansion 

CRT Cathode Ray Tube Display 
etwas Wave 


CW 
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Cy, CY 


DCP 
DDR&E 


DOF 


DSN 


d/t 


EM 


ERP 


FUV 


Fy, FY 


_8,G 
GCP 
GEO 
GG. 
GPC 
GRC 
GR/E 


(GY--) 





Calendar Year (Jan. 1 thru Dec. 31, inc. ) 


Data Collection Platforms 
Department of Defense, Research and Engineering 


Degrees of Freedom 


Deep Space Network 


Ratio of Diameter to Wall Thickness for a Tube 


& 


Electro-Magnetic 
Effective Radiated Power 
Extensional stiffness 


Eixtra Vehicular Activity 


Frequency 
Far Ultra Violet Light 


Fiscal Year (now Oct. 1 through Sept. 30, inclusive) 


Gravity 

Geostationary Communication Platform 
Geosynchronous Earth Orbit 

Gravity Gradient 

General Purpose Computer 

General Research Corp. 

Graphite Epoxy 

(Graphite Epoxy Formulation Code) 
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GTD 


GTP 
(GR/TP) 


HEO 


HMS 


IC 
ICD 
IF 
INC 
IR 
IR&D 
IRU 
ISP 


IUS 


L 
LED — 
LEO 
LEPS 
LSS 


LSST 
(LASST) 


(ATLASS) 





Geometric Theory of Diffraction 


Graphite Thermoplastic 


Film Transfer Coefficient for Thermal Conductivity 


High Earth Orbit 


Graphite Fiber Trade Mark, High Modulus Series 


Integrated Circuit (Microcircuit) 
tes Control Dosunient 
Intermediate Frequency 

International Nickel Co. 

Infra Red 

Independent Research and Development 
Inertial Reference Unit 

Specific Impulse 


Interim Upper Stage 


Altitude in Equivalent Earth Radii 
Light Emitting Diode 

Low Earth Orbit 

Laser Electric Propulsion System 
Large Space Systems 


Large (Area) Space System Technology 


(Advanced Technology for LASS) 
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LTL 


MCDS 
MCDU 
MDM 


MF 


MFG 
MHD 
MMH 


MOUSE 


NASCAP 
Nd/YAG 
NE AT 
NF 


NUV 


OFT 
OMS 
OOA 


OTV | 





Low Thrust Liquids 


Manual Control Display System 
Manual Control Interface Unit 
Multiplexer-Demultiplexer 


Mass Fraction (Percent of total weight carried 
as fuel) 


Manufactured 


Magnet Hydro Dynamic 

Mono methyl pyaeee 

Computer Program for Modal Optimization and 
Analytical Model Updating (Test data) 

Computer Progra for agicses of Electrical Charges 
Neodymium doped Yttrium aiawiaue Garnet 

Noise Equivalent Temperature 

No Failure 


Near Ultra Violet 


Orbital Flight Test 


Orbital Maneuvering System 
On-Orbit Assembly 


Orbit Transfer Vehicle 


Protons — 
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P, pee (aeans th). 


Paramp 
POP 
RBV 
R&D 
R&T 
RDT&E 


RCS 





rf RF 


RFP 


RMS, rms 


RMS 
RT 
RTG 
RTOP 
RTR 


RTV 
SAR 
SEPS 


SL 





Compression Load applied to a column, cr, loading 
which causes buckling (experimental, theoretical) 


Parametric Amplifier 


Program Operating Plan 


Return Beam Vidicon 


Research and Development 
Research and Technology 
Research Development Test and Engineering 


Reaction Control System 


Radio frequency 
Earth Radius 


Request for Proposal 


-_ Root Mean Square for surface accuracy or 


statistical error 

Remote Manipulator System 

Room Temperature 

Radio isotope Thermoelectric Generator 
Research and Technology Objectives and Plans 
Research Technology Resume 


Trade name for silicone elastomeric materials 


Synthetic Aperture Radar 
Solar Electric Propulsion Stage 


Side Lobe 
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S/N 
SPAR 
SPAR 
SPS 
(SSPS) 


STS 


TASO 
TDRSS 
Tg 
TR-SW 
TV 
TVBS 


T/W 


UV 
UDT -- 


ULE 


VCM 


VSB 





Signal to Noise Ratio 





SPAR Aerospace Products Ltd. 


Computer Program for General Purpose Structural 
Analysis 


Solar Power Satellite 
(Space SPS) 


Space Transportation System 


Television Allocation Study Organization 
Tracking and Data Relay Satellite System 
Glass Transition Temperature 
Transmit-Receive Switch 

Television 

Television Brogdedet Satelite 


Thrust to Weight Ratio 


Ultra Violet 
Electronic Part Numbers for United Technology Devices 


Trade name for a Glass Ceramic with a very low 
coefficient of Thermal Expansion 


Vapor Condensable Material 


Graphite Fiber Trademark 
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ABBREVIATIONS FOR UNITS AND MEASUREMENTS 


The following symbols and abbreviations have been used within this 


compilation. 
: , -10 | 
A Angstrom units, 10 meter | 
A, amp amperes 
AU Astronomical Unit 
arc min angular measurement in minutes of a degree 
arc sec angular measurement in seconds of a degree 
b/sec, B/SEC bits per second 
BTU British thermal unit 
Cc, °C | Celsius degrees 
cm, CM centimeters 
db, dB, DB decibels 
dbw, DBW decibels relative to one watt 
eV, EV electron volts 
Ey Fahrenheit degrees 
Sls, + eg feet 
G 9 se Nac 
- giga (X 10°) multiplier 

GHz gigahertz 

GW gigawatt 

GWe gigawatt electrical 
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gm, Gm 


g/cm” 

Hz 

in, IN, "' 

°K, K 

k-K 
KA 
Kb/s, KB/S 
KBPS 
kev, KEV 
kg, KG 
km, KM 
KMC 
kv, KV 
kw, KW 
kw-hr 
Kwe, KWE 

Ibs, LBS 

lb-ft 

m, M 


grams 


area density, grams per square centimeter 
hertz 
inches 


degrees Kelvin 

3 
kilo ( X 10°) multiplier 
kiloampere 


kilobits per second 


kilo electron volts 

kilogram 

kilometer 

kilomegacycles (same as GHz) 
kilovolt 

kilowatt 

kilowatt hours 


kilowatt electrical 


pounds 


pound feet (torque) 


meters 














M - mega, million (10°) multiplier 





M bits/sec megabits per. second 

MHz megahertz 

MW megawatt 

MWe : megawatt electrical 
meV, MEV million electron volts 
Micron 107° meter 
MI mile 

-3. 
Mil 10 ~ inch 
m-- M-- Milli -- (107) multiplier 

mm, MM Millimeter 107? meters 

ms milliseconds 
nm, NM nautical miles 
N-m, N-M Newton meters (torque) 
n-m-s, N-M-S angular momentum, Newton-meters-seconds 
psi, PSI pounds per square inch 
rad, RAD . radian 
RAD/SEC radians of angle per second 
ST MI Statute mile 
TORR pressure, equivalent to millimeters of mercury 
V Volts 
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um 
b + 
ff 








wavelength 


micro (1076) multiplier 


> | : 


10 meter 


perform the operation in two opposing orientations 
relative to the force of gravity 


Number of 
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.CONVERSION FACTORS FOR UNITS. 


U.S. Customary Units 


ampere (International) 
BTU 

electron volt 

Fahrenheit (temperature) 
Fahrenheit (temperature) 
foot 

inch 

pound force 

pound mass 

mile 

nautical mile 


slug 


psi 


SI Units 


ampere | 
joule 
joule 
Kelvin 
Cotes 
meter 
meter 
newton 
kilogram 
eta 
meter 
kilogram 


pascals 


xix 


Multiply by 


0.9998 
1055 


16X10 


5/9 (tp + 459. 67) 


5/9 (T, - 32) 


0. 3048 
0.0254 
4, 448 

0. 4536 
1.609 X 10° 
1.852 X 10° 


14,594 


6.895 X 10° 
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INTRODUCTION 


The availability of the Space Shuttle transportation system will make it 
possible to deploy, erect and/or eventually fabricate on orbit large space sys- 
tems (LSS) beginning in the decade of the 1980's. Preliminary studies conducted 
by NASA, DOD, and the Aerospace Industry indicate that in order to meet future 
user needs, large antennas and platforms will be required either in low Earth 
orbit or in geo-synchronous orbit. Specific applications have been identified 
in a series of recent studies which have examined and evaluated future civilian 
and military space possibilities with relevance to human and/or defense needs as 
the basic measures. 


One of the most comprehensive recent studies resulted in two NASA reports, 
issued in January 1976: "Outlook for Space" (NASA SP-386), which identified 
potential future space activities, and "A Forecast of Space Technology" (NASA 
SP-387) which provided a comprehensive forecast of technology which might rea- 
sonably be expected to be available for the management of information, energy, 
and matter in space during the last two decades of the 20th century. 


A three-day Industry Workshop on Large Space Structures was held at the 
NASA Langley Research Center in February 1976, to help NASA identify the tech- 
nology developments required for these proposed missions. At this workshop, 
representatives of several’ Aerospace Companies were asked to respond to a Key 
Issue Questionnaire. These responses were published in two NASA reports: A 
Compilation of Company Presentations (NASA CR-144997); and An Executive Summary 
(NASA CR-2709). 


In March 1977, the Langley Research Center was named lead Center of a multi- 
center, multidisciplined planning activity with the mission of defining and 
developing critical technology for use in large space systems in the years 1985 
to 2000. The Large Space Systems Technology (LSST) Program Office evolved from 
these planning and program definition activities, This seminar was sponsored by 
the LSST Program Office to provide a forum for the more effective interchange of 
ideas, plans, and program information needed to develop the required large space 
system technology. The format of the Seminar is closely aligned to that of the 
1976 workshop because of the effective interchange obtained during the workshop. 


The seminar organizing committee utilized invited papers, contributed 
papers, and panel discussions to maximize potential benefits for each of the 
participating organizations. The invited papers were used to provide industry 


\ an insight on the views of NASA Headquarters, the LSST Program Office, and back- 





ground information on Shuttle astronaut interfaces, and to provide NASA informa- 
tion on Industry views by means of a questionnaire. The contributed presenta- 
tions were essentially equally divided between industry and Government. These 
papers emphasized on-going or planned in-house technology development in support 
of large antenna systems or large platform systems. Typical subject matter 


XXi 








addressed at least one of the following: mission requirements, structural con- 
cepts, materials, controls, structural alignment, thermal control, metrology, 

and packaging/shuttle interface considerations. Finally, the last session of 

the Seminar was devoted to a Forum, the purpose of which was to provide industry — 
and government representatives with the opportunity to present their views on 
significant and/or controversial issues, to answer questions from the attendees, ° 
and to focus attention on critical LSST needs and approaches. 


The proceedings of the Seminar are presented in this report and in an 
Executive Summary (NASA CR-2964). This report contains all the invited and 
contributed formal presentations given during the Seminar and also includes 
those contributed papers which were considered to be informative and useful but 
which could not be delivered during the program due to time constraints. The 
Executive Summary condenses and records the findings and conclusions of all the 


presentations and, in addition, highlights the comments and recommendations of 
the members of the Forum Panel. 
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TYPES OF STRUCTURAL PLATFORMS — 











ERECTABLE PLATFORM 


DEPLOYABLE PLATFORM 











FAB-IN-SPACE PLATFORM 


Chart 2 
@® Rockwell International 





Space Division 
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CONTROL OF SHUTTLE ERECTABLE STRUCTURES 


FUNDAMENTAL VIBRATION FREQUENCY - 
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